Abstract While most risk assessments contrast a transgenic resistant to its isogenic line, an additional comparison between the transgenic line and a classically bred cultivar with the same resistance gene would be highly desirable. Our approach was to compare headspace volatiles of transgenic scab resistant apple plants with two representative cultivars (the isogenic 'Gala' and the scab resistance gene-containing 'Florina'). As modifications in volatile profiles have been shown to alter plant relationships with non-target insects, we analysed headspace volatiles from apple plants subjected to different infection types by gas chromatography-mass spectrometry. Marked differences were found between healthy and leafminer (Phyllonorycter blancardella) infested genotypes, where emissions between the transgenic scab resistant line and the two cultivars differed quantitatively in four terpenes and an aromatic compound. However, these modified odour emissions were in the range of variability of the emissions recorded for the two standard cultivars that proved to be crucial references.
Introduction
Non-target effects of recombinant DNA technology are of major concern in risk assessment studies (Poppy and Sutherland 2004; Romeis et al. 2008) . To date, investigations of the impact of transgenic plants on non-target organisms have largely focused on insect resistant plants expressing Bacillus thuringiensis (Bt) toxins (Romeis et al. 2006) , although there are also transgenic plants conveying resistance to diseases (Collinge et al. 2008) . A critical issue in case-specific environmental risk assessments is the inclusion of appropriate comparisons (Andow and Zwahlen 2006; Marvier et al. 2007) . A particular gap refers to direct comparisons between resistant genetically modified and resistant conventionally bred genotypes that were subjected to different infection regimes (Turlings et al. 2005; Dean and De Moraes 2006) . In Bt crop plants, such comparisons were impossible as there is no conventionally bred cultivar expressing the Bt toxin, hence it is unclear whether or not any observed non-target effect of the transgenic plant would also be found in the respective resistant cultivar.
The current study relies on transgenic and classically bred apple genotypes targeting resistance against a key fungal pathogen in orchards worldwide, the apple scab Venturia inaequalis (Ascomycotina: Pleosporales) (MacHardy et al. 2001) . This target organism is the focus of major resistance breeding programs (Gessler et al. 2006) . A gene-for-gene interaction (Flor 1971) has been found for the Vf resistance gene region conveying resistance to this pathogen on apple trees (Malus 9 domestica) (Williams and Kuc 1969) . Scab resistance originating from Malus floribunda 821 was introgressed into apple by conventional breeding, yielding the cultivar 'Florina'. Among a set of HcrVf genes (homologs to Cladosporium fulvum resistance genes of the Vf region) (Vinatzer et al. 2001 ) from this cultivar, HcrVf2 was cloned into the scab susceptible cultivar 'Gala' conferring resistance to scab (Belfanti et al. 2004 ). In the selected transgenic line, this gene is under the control of the CaMV S35 promoter and linked to the selectable marker gene nptII. One particular transformed line was lacking the target gene but still carrying the selectable marker construct; it served as control, being as susceptible as the untransformed cultivar 'Gala'. The effect of the introduced HcrVf2 gene on the target organism is equal to the effect of the Vf resistance introgressed by classical breeding yielding 'Florina' (Belfanti et al. 2004) . However, nothing is known about the impact of scab resistant transgenic apple plants on non-target organisms associated with the apple tree.
Apart from pathogens, plants interact in their environment with other plants, herbivores, and antagonists of those herbivores. In these interactions, plants use direct and indirect systems to defend themselves (Poppy 1997; Baldwin et al. 2006) . In response to herbivore attack, plants emit volatile compounds derived from different induced defence pathways (Fidantsef et al. 1999; Arimura et al. 2005; Scascighini et al. 2005) . These plant volatiles include green leaf volatiles (GLV), terpenes and a wide array of aromatic compounds. The GLV comprise C 5 and C 6 compounds (aldehydes, alcohols and esters; Salch et al. 1995; Connor et al. 2008) synthesized via the lipoxygenase pathway as breakdown products of membrane lipids (Paré and Tumlinson 1999; Connor et al. 2008) . Terpenes are synthesized via the mevalonate (MVA) or the methylerythritol 4-phosphate (MEP) pathway (Lichtenthaler et al. 1997; Aharoni et al. 2005; Dudareva et al. 2005 ) using the precursors isopentenyl diphosphate (Dandekar et al. 2004 ) and dimethylallyl diphosphate (DMAPP). Other compounds like nitriles and aromatics are synthesized via the shikimic acid pathway (Bennett and Wallsgrove 1994) . Qualitative and/or quantitative changes in the volatile blends might impede tritrophic interactions with insects and therefore, potential risks have to be assessed.
Leafminers such as Phyllonorycter blancardella (Lepidoptera: Gracillariidae) are an excellent model as their epidemic outbreak leads to leaf fall and to yield decrease over consecutive seasons (Reissig et al. 1982 ), but such dynamics can be prevented successfully if parasitoid populations are conserved . Alterations in the volatile profile of healthy or scab infested transgenic apple plants could influence useful tri-trophic interaction between plant, herbivore and natural antagonist. Here we compared the composition of headspace volatiles emitted by apple plants from four different genotypes subjected to four different infection types, as volatile blends emitted by differently induced plants could vary. The plants were (A) healthy, (B) inoculated with apple scab conidia, (C) infested with apple leafminer larvae, or (D) pathogen inoculated and leafminer larvae infested in combination. Our approach was to compare headspace volatiles of (1) transgenic scab resistant apple plants ('Gala-transVf') with two representative classically bred cultivars, namely (2) the isogenic line 'Gala' and (3) the scab resistant 'Florina' that contains the same HcrVf2 resistance gene as the transgenic resistant line. To evaluate a possible influence of the transgenosis per se we included (4) an additional transgenic genotype containing only the selective gene and the promoter (Table 1) .
Materials and methods

Plant material
The experiments were conducted with four different apple genotypes (Table 1) : a scab susceptible cultivar 'Gala', a scab susceptible transgenic line 'Galatrans0' (consisting only of the selectable marker gene nptII under the control of the S35 promoter), a scab resistant transgenic line 'Gala-transVf' (consisting of the selectable marker gene nptII under the control of the S35 promoter and the HcrVf2 resistance gene with S35 as promoter), and a scab resistant cultivar 'Florina'. About 2-years old grafted apple plants of the cultivars 'Gala', 'Gala-trans0', 'Gala-transVf', and 'Florina' were planted in pots containing 1.5 l substrate-perlite-sand mixture (mix ratio 6:1:1). The plants were regularly pruned and fertilized weekly (Wuxal liquid fertilizer, concentration 0.2%, N:P:K 10:10:7.5, Maag Syngenta Agro, Dielsdorf, Switzerland) to keep them in a vegetative growing stage. A fully equipped closed greenhouse chamber with internal air circulation was used to grow the plants and an equal separate greenhouse chamber was used to conduct the experiments with all four apple genotypes in parallel. The controlled climatic conditions were: day temperature at 22 ± 2°C and night temperature at 18 ± 2°C, 60 ± 5% relative humidity and a photoperiod of L16:D8. Assimilation lighting was used to complete the daylight when necessary.
Pest management strategies to protect the plants against herbivores and pathogens were applied when necessary during cultivation. Against herbivory of spider mites bromopropylate (bridged diphenyl acaricide, Spomil, EC 250 g/l, 15 ml/10 l) was sprayed and to keep them under continuous control a predatory mite population (Phytoseiulus persimilis, Andermatt Biocontrol AG, Grossdietwil, Switzerland) was established. Plants were sprayed with penconazol (triazol, Topaz Vino, EC 100 g/l, 50 ml/100 l) against the apple powdery mildew (Podosphaera leucotricha) when necessary. The latest time of pesticide application was 14 days prior to the start of the experiment with different infection types hence the plants were not treated with pesticides during the experiments, i.e. after inoculation and herbivore infestation.
Pathogen and pathogen inoculation
Conidia of Venturia inaequalis Cooke Winter (Ascomycotina: Pleosporales) for scab inoculation were obtained from sporulating scab lesions on apple leaves collected at the Swiss Federal Research Station Agroscope Changins-Wädenswil ACW (Switzerland). Conidia were washed off from the leaves with water and their concentration was determined microscopically using a Neubauer counting chamber (Laboroptik GmbH, Friedrichsdorf, Germany). The conidia material was stored at -20°C for later use.
Actively growing apple shoots with at least six fully developed leaves per plant were sprayed with conidia suspension (10 5 conidia per ml) to inoculate the whole leaf area. For the first 48 h the inoculated plants were kept in a plastic tent at 18°C, darkness and a relative humidity of 100% (Gessler and Stumm 1984) . Afterwards the plants were brought to a separate chamber in the greenhouse. Sporulating scab lesions on the inoculated shoots and chlorotic and necrotic lesions were visible after 24 ± 2 days on leaves of the two scab susceptible genotypes ('Gala' and 'Gala-trans0') but not on the scab resistant genotypes ('Gala-transVf' and 'Florina') . This coincides with a previous paper that classified similarly regarding the level of scab resistance (Belfanti et al. 2004 ).
Herbivores and herbivore infestation
The colony of the herbivore Phyllonorycter blancardella (Lepidoptera: Gracillariidae) originated from apple orchards in South Tyrol (northern Italy). Adults were allowed to infest 2-month-old potted apple seedlings (Malus 9 domestica Golden Delicious open pollinated seedlings) in Plexiglas cages, covered with a glass plate and gauze on the sides. Protection of young shoots against apple powdery mildew (Podosphaera leucotricha) was achieved with penconazol (triazol, Topaz Vino, EC 100 g/l, 50 ml/ 100 l). The conditions in the insectaries were 22 ± 2°C, 50 ± 5% relative humidity and a photoperiod of L16:D8. Six 2-3 days old adults were allowed to oviposit on actively growing apple shoots with at least six fully developed leaves per plant for 3 days using gauze bags (14 cm 9 23 cm) closed with hook-andloop fasteners. The successfully infested plants were kept in a separate greenhouse chamber. The feeding habits of sap-feeding leafminer larvae (1st to 3rd larval instar) resulted in leafmines visible on the leaf underside. After the 3rd instar hypermetamorphosis occurs, and the typically spotted tentiformed mine is formed by tissue-feeders (4th and 5th larval instar).
Combined pathogen inoculation and herbivore infestation
Actively growing apple shoots with six fully developed leaves per plant were inoculated with scab conidia suspension (10 5 conidia per ml) and kept under controlled conditions as described above for scab inoculation. Afterwards the plants were moved to a separate greenhouse chamber with controlled conditions (described above), and 55 ± 1 h after the scab inoculation event, they were infested with six 2-3 days old adults for 3 days as described for herbivore infestation. After 24 ± 2 days showed the two scab susceptible genotypes ('Gala' and 'Gala-trans0') scab sporulating foliar lesions on inoculated leaves whereas no symptoms were visible on the scab resistant genotypes ('Gala-transVf' and 'Florina') and the larvae achieved the third instar.
Infestation and/or inoculation levels used in the combined as well as in the single infection types were within the range of natural infestations, mimicking high levels of herbivore and/or pathogen attack.
Control
Healthy apple plants of the same size and age as the damaged plants were used as healthy control.
Headspace volatile collection and chemical analysis
Headspace volatiles of intact apple shoots with 12-15 leaves were collected on different sampling dates over a period of 8 months. They were analysed to identify differences in the volatile composition between the four genotypes under different infection types (healthy, leafminer infestation, scab inoculation, or combined scab inoculation and leafminer infestation) at a single, consistent time interval of 24 ± 2 days from the infestation and/or inoculation. Ten plants for each of the 16 genotype-treatment combinations were considered. We always tested the four genotypes within one infection type in parallel, yielding four samples per date.
Headspace volatiles were collected in a climate chamber (Conviron, Controlled Environment Ltd., Winnipeg, Canada) under controlled conditions at 22 ± 2°C, 60% relative humidity and a L16:D8 light regime for 2 h from apple plants, which were acclimatized for 30 min, between 10 a.m. and 3 p.m. (i.e. starting 6.5 ± 2.5 h after onset of photophase). Each plant was packed in a polyester bag construct (Toppits Ò Brat-Schlauch, Melitta GmbH, Egerkingen, Switzerland) and wrapped at the shoot with cotton wool and Teflon tape (Alltech Socochim SA, Lausanne, Switzerland). The polyester bag was provided with an attached glass funnel and continuous circulation (60 ml/min) of charcoal filtered air (Supelcarb HC filter, Supelco, Bellefonte PA, USA) was maintained during dynamic headspace volatile collection. On the opposite side of the glass funnel, a split Teflon plate (diameter 13.5 cm) was placed with a volatile trap in the middle. The volatile trap was filled with 250 g Supelco Tenax TA (mesh size 60-80, Sigma Aldrich, Buchs, Switzerland) and sealed with Pyrex glass wool at both ends. Prior to use, the tubes were conditioned for 4 h at 300°C under a continuous stream (50 ml/min) of helium 4.6 (purity 99.96%; Hern and Dorn 2004) . The conditioned tube was airtight closed with Teflon front ferrules (Swagelok, Supelco, Bellefonte, PA, USA) until it was used for headspace volatile collection. The tube was tightly secured with cotton wool and Stretch-it PTFE Tape (Alltech Socochim SA, Lausanne, Switzerland) to the Teflon plate and fixed together with the polyester bag using a clasp (diameter 13.5 cm). The single parts were preconditioned at 120°C for 2 h in an oven and after mounting, the whole construct was conditioned again at 120°C for 2 h in the oven before using (Stewart-Jones and Poppy 2006).
The chemical analyses and identifications are based on the method by , with some modifications as described below. Prior to analyses the internal standard octylbenzene (*99.8%, Fluka, Buchs, Switzerland) diluted in hexane [100 ng/ll] was added to each sample by injecting directly onto the polymer. Collected volatiles were analysed using thermal desorption (Unity and Ultra, Markes Int. Ltd., Llantrisant, UK) coupled with gas chromatographymass spectrometry (HP 6890 Series GC-System and HP 5973, Hewlett Packard Company, Atlanta, GA, USA). Thermal desorption of absorbed volatiles from Tenax TA was conducted under the use of helium 5.0 (purity 99.99%) with a prepurge time of 3 min (split on), followed by increasing temperature up to 300°C within 5 min (split off). Afterwards the volatiles were transferred to a cold trap (-10°C during tube desorption process), which subsequently heated up to 300°C at a rate of 60°C/min. The thermal desorption process was linked to the gas chromatograph-mass spectrometry system (GC-MS) via a fused silica transfer line (150°C). An HP-retention-gap with deactivated fused silica, 5 m length and 0.25 mm inside diameter (Hewlett Packard Company, Atlanta, GA, USA) and a nonpolar Econo-Cap EC TM -5 column with 30 m length, 0.25 mm inside diameter and 0.25 lm film (Alltech Socochim SA, Lausanne, Switzerland) were used in the GC. The oven program was held at 50°C for 5 min, then increased to 280°C at a rate of 5°C/ min, and held at 280°C for 5 min with a post run at 300°C for 15 min. Quadrupole and source temperature of the MS were 150 and 230°C, using full scan method. The carrier gas was helium 5.0 (purity 99.99%) at a constant pressure of 108 kPa. For the identification of the mass spectrometry-data ChemStation software (MSD Productivity Chem Station software, Agilent Technologies Inc., Santa Clara, CA, USA) was used linked to the NIST98 library and our own library of phytochemical compounds. In addition, the retention times of all compounds presented were compared with standard compounds purchased from chemical suppliers or obtained from other laboratories.
The chemicals used as standards in thermal desorption coupled with gas chromatography-mass spectrometry comprised (-)-a-pinene (purity C 99.0%, Fluka, Buchs, Switzerland), R(?)-limonene (C99.0%, Fluka, Buchs, Switzerland), b-ocimene (*70%, Fluka, Buchs, Switzerland), (±)-linalool (C95.0%, Fluka, Buchs, Switzerland), b-caryophyllene (*99 %, Fluka, Buchs, Switzerland), a-humulene ([98%, Fluka, Buchs, Switzerland), (Z,E)-a-farnesene (Givaudan-Roure, Dübendorf, Switzerland), isomeric mixture of (E,E)-a-farnesene and (Z,E)-a-farnesene (77% (E,E)-a-farnesene, 20.7% (Z,E)-a-farnesene, the remainder being impurities, Givaudan-Roure, Düben-dorf, Switzerland), benzaldehyde (C99.0%, Fluka, Buchs, Switzerland), nonanal (C95%, Fluka, Buchs, Switzerland), decanal (94.1%, Supelco, Bellefonte, PA, USA), acetophenone (C99.0%, Fluka, Buchs, Switzerland), geranylacetone (96%, ABCR GmbH & Co., Karlsruhe, Germany/Avocado Research Chemicals Ltd., Heysham, UK), (Z)-3-hexenyl acetate (99%, ABCR, Karlsruhe, Germany), methyl salicylate (C99%, Sigma, Buchs, Switzerland), (Z)-3-hexenyl benzoate (Kosher, C97%, Aldrich, Buchs, Switzerland), benzonitrile (C99.0%, Fluka, Buchs, Switzerland), and phenylacetonitrile (C98.0 %, Fluka, Buchs, Switzerland).
Statistical analysis
The statistical analyses were performed using JMP 7.0.1 (SAS Institute, Cary, NC, USA) and SPSS 16.0.0 for Mac (SPSS Inc., Chicago, IL, USA Data of all samples were included in the test for normal distribution (Shapiro-Wilk W Test) and homogeneity of variance (Levene Test). To fulfil the assumption of normal distribution, data were log 10 transformed (Cuéllar 1991) and the constant 0.0001 was added to all values (Steiger et al. 2007; Transgenic Res (2010) 19:77-89 81 Steiner et al. 2007 ) to apply the log 10 transformation prior to the analyses. To assess whether the sampling date that was always at a single distinct time interval from infestation and/or inoculation showed any effects on collected headspace volatiles, regression analyses were performed for each genotype-infection type combination separately to verify the primary interest of relationship between the variables.
Multivariate analysis of variance (MANOVA) was performed to identify significant differences between volatiles (dependent variables) emitted by the apple genotypes, subjected to the different infection types. Genotype, infection type and their interaction were the main effects in the model. MANOVA analyses within one infection type across genotypes were conducted, because the interaction could overlay effects between genotypes. If the MANOVA model was significant (P \ 0.05), one-way analysis of variance (ANOVA) and Tukey HSD post hoc test were conducted to test for differences for individual compounds.
Results
Volatile blends and effects of infection types
Eighteen definitively identified compounds were found in the blends collected from transgenic apple lines as well as from the isogenic line 'Gala' and the resistant standard cultivar 'Florina' under different infection types. These headspace volatiles comprise eight terpenes, three aldehydes, two ketones, three esters, and two nitriles (Table 2 ). They coincide with compounds previously reported in association with apple (Ebel et al. 1995; Hern and Dorn 2002; Casado et al. 2006) . No significant effect of the sampling date (always 24 ± 2 days from infestation and/or inoculation) on the volatile emission was observed (all R \ 0.39; all P [ 0.05).
Apple genotype, infection type (healthy control, scab inoculation, leafminer infestation or a combined infection of scab and leafminer) and the genotype by infection type interaction significantly affected the volatile emission (MANOVA, Pillai's Trace, P \ 0.05 for all effects; see Table 3a ). Separate analyses of emitted volatile profiles within one infection type across genotypes detected significant differences for healthy (MANOVA, Pillai's Trace P \ 0.05), scab inoculated (MANOVA, Pillai's Trace P \ 0.05) and leafminer infested (MANOVA, Pillai's Trace P \ 0.05) plants, but a combined infection of scab and leafminer nullified any detected differences between the genotypes (see Table 3b ).
Individual compounds and effect of genotype
For most of the individual compounds (Table 2) , amounts released were not significantly different between the transgenic lines and the isogenic line within the same infection type. Figure 1 presents the compounds (a-e) for which significant quantitative differences were noted between genotypes. Only major compounds were considered, i.e. compounds that were positively identified in at least seven out of ten samples analysed (Table 2 indicates frequency N°o f detection of the compounds in a total of ten samples).
Healthy plants of the transgenic line 'Gala-transVf' emitted significantly higher quantities of the terpene (E,E)-a-farnesene than the isogenic line 'Gala' (Fig. 1d) . A similar relationship applies to 'Galatrans0'. However, these amounts were not significantly different from those found in the headspace of the classically bred scab resistant cultivar 'Florina'. There were also major quantitative differences in terpene release between the two cultivars. The tenfold amount of the sesquiterpene (E,E)-a-farnesene was emitted by 'Florina' compared to 'Gala', and similar relationships apply to the emissions of the monoterpene b-ocimene and the sesquiterpene b-caryophyllene (Fig. 1a, b, d ; Table 4 ). Furthermore, healthy plants of 'Gala-transVf' released significantly lower quantities of the aromatic compound phenylacetonitrile than 'Florina', while there was no significant difference between amounts released by 'Gala-transVf' and 'Gala' (Fig. 1e; Table 4 ).
In contrast to scab inoculated plants, leafminer infested plants showed major quantitative differences in headspace volatiles between genotypes. While there was a significant difference in the headspace amounts of the terpenes b-ocimene, b-caryophyllene, and (Z,E)-a-farnesene between 'Gala-transVf' and 'Florina', no significant difference in the release of these compounds was detected when comparing the transgenic 'Gala-transVf' to the isogenic 'Gala' (Fig. 1a-c ; Table 4 ). 
Discussion
The transgenic scab resistant apple genotype 'GalatransVf' emitted a quantitatively, but not qualitatively different volatile blend under certain infection types compared to either the isogenic line 'Gala', or the scab resistant classically bred cultivar 'Florina'. Such differences were found only in two of four infection types, and in five of eighteen compounds examined. Our approach was to compare traits of transgenic and 'Florina', indicating no significant differences of this new line compared to two cultivars that are commonly planted in commercial orchards. Differences in volatile emissions among different cultivars have been reported previously from maize subject to a single infection type, and it was concluded that these maize genotypes likely vary in their attractiveness to natural antagonists of herbivores (Gouinguené et al. 2001 ). In the apple ecosystem, both antagonists and herbivores have been found to behaviourally respond to volatiles from healthy apple plants (Rott et al. 2005; . Furthermore, herbivores of the same or different species may be repelled by (or attracted to) volatiles from infested trees (Hern and Dorn 2002 ).
In the current study, volatile profiles differed between genotypes for healthy plants and for leafminer infested plants. Little differences were noted for scab inoculated plants, and none for the plants that were subjected to a combined infection of scab and leafminer. While several studies have addressed volatile emissions of one single plant genotype across different infection types (Rostás et al. 2006; Kishimoto et al. 2008 ), this study is to our knowledge the first comparing the volatile emissions of several genotypes in response to insect, fungal and combined infections. Our findings suggest that marked differences in volatile profiles found between various healthy or insect infested genotypes are diminished by prior scab infection. Future time course experiments, as they have been carried out for herbivore infested apple (Hern and Dorn 2001) , might help to understand underlying mechanisms.
Quantitative differences between the transgenic scab resistant line and the commercial cultivars were assessed for four terpenes and an aromatic compound. Bioactivity in the apple ecosystem has been reported for several of them. The two sesquiterpene isomers (E,E)-a-farnesene and (Z,E)-a-farnesene have a similar behavioural effect on mated females of the codling moth Cydia pomonella, with low dosages being attractive and high dosages repellent (Hern and Dorn 1999) , emphasizing the importance of emitted amounts. (E,E)-a-Farnesene also stimulates oviposition and larval movement of the codling moth (Wearing and Hutchins 1973; Bradley and Suckling 1995; Landolt et al. 2000) . The sesquiterpene b-caryophyllene attracted codling moth females at a dosage measured in the headspace of the apple cultivar 'Golden Delicious' under field conditions . Both b-caryophyllene and the monoterpene b-ocimene elicited electroantennogram responses in the antennae of codling moth males, suggesting a behavioural effect of these terpenes on this species (Casado et al. 2008) . Several aromatics including benzaldehyde and benzonitrile have been reported to contribute to insect attraction of fruit trees (Piñero and Prokopy 2003; Piñero and Dorn 2007; Piñero et al. 2008) , while phenylacetonitrile was behaviourally ineffective in such trials (Piñero and Dorn 2007) . Each of these four terpenes and phenylacetonitrile are emitted by the transgenic apple line 'Gala-transVf' in lower or higher amounts than either by the isogenic line 'Gala' or by the scab resistant cultivar 'Florina' under distinct infection types. Hence, we cannot exclude that these changes have behavioural consequences on insects associated with the apple tree. In fact, antagonists of the apple leafminer such as parasitoids rely on volatile emission of infested apple trees to locate their concealed living host at the stage suitable for parasitism Dutton et al. 2000) . Most importantly, however, the current study provides direct evidence that these modified odour emissions are in the range of variability of the emissions recorded for the two most relevant standard apple cultivars. Differences in chemical composition between 'Gala' and 'Florina' are not restricted to individual headspace volatiles and non-volatile fruit constituents (Kindt et al. 2007 ). Ratios of individual compounds are also deviating, what applies to the transgenic line 'Gala-transVf' as well. Such differences may further contribute to differential sensitivity of apple genotypes to insect herbivores (Qubbaj et al. 2005; Stoeckli et al. 2008) or attraction of their antagonists (Boevé et al. 1996 ), but we have no indication for an increased risk conferred by the genotype 'Gala-transVf' compared to representative classically bred genotypes. Many studies on risk assessment of transgenic plants are limited to pairwise comparisons between the transgenic and the isogenic lines (Schuler et al. 2003; Turlings et al. 2005; Á lvarez-Alfageme et al. 2008; Chen et al. 2008) . The current investigation is, to our knowledge, the first to compare the studied trait of transgenic plants with a representative non-transgenic control cultivar that contains the same resistance gene as the transgenic plant. Our findings clearly document the significance of this approach. 
